Although Rose-ringed Parakeets Psittacula krameri over three years old can easily be sexed due to the males' rose-coloured neck-rings and black bibs, sexually immature males and females are considered impossible to separate in the hand. The biometrics of males and females overlap but males tend to be slightly larger than females in all measurements. We derived a discriminant function to separate the two sexes using wing length, bill length and the number of fully yellow underwing coverts. Biometrics were recorded for 235 individuals captured between February 2001 and May 2003. Feather and blood samples were taken from 45 of these birds to determine the sex by haplotyping. The measurements from these known-sex individuals (22 females and 23 males) were pooled with the measurements for adult males and a binary logistic regression function was derived which correctly separated 96.6% of the known sexes. The first data on moult patterns in Britain were obtained and are useful in ageing birds during the spring. In addition, it was found that the tips of primaries were rounder in adult birds than in juveniles, a result that agrees with other studies on parrots and some other bird species.
Baker et al 1999), but it requires time in the laboratory in order to obtain the results and so is not suitable for sexing birds in the field.
One possible way to sex individuals in the field is to use biometrics. A number of authors have succeeded in identifying the sexes of sexually monochromatic species by means of discriminant functions (Fox et al 1981 , Scolaro et al 1983 , Hanners & Patton 1985 , Henderson 1991 , Granadeiro 1993 , Baker et al 1999 . Sexual size dimorphism has been reported in Rose-ringed Parakeets (Table 1) , so they may be suitable for discriminant function sexing. The situation is complicated, however, because Rose-ringed Parakeets in Britain are a mixture of two subspecies; P k manillensis and P k borealis (Morgan 1993 , Pithon & Dytham 2001 . The measurements for female P k borealis broadly overlap with the measurements for male P k manillensis.
There has been little published on ageing Rose-ringed Parakeets. A few authors have noted that patterns of flight feather moult and wear are useful in ageing other species of parrots and parakeets (Butcher et al 1987 , Emison et al 1994 , Mawson & Massam 1996 , and it is possible that these patterns may be mirrored in Roseringed Parakeets. In addition, juvenile parrots generally tend to have more pointed primaries than adult parrots (Emison et al 1994) .
When ageing Rose-ringed Parakeets, only one fact is known for certain: adult males have a rose-coloured ring Up to the end of 2000, a total of 42 Rose-ringed Parakeets Psittacula krameri had been ringed in Britain (Clark et al 2002) . However, accurate identification of age and sex classes of Rose-ringed Parakeets is a problem. It is straightforward to identify adult male Rose-ringed Parakeets, as they have a bright rose-coloured ring around their neck, as well as a black bib. Separating sub-adult males from females, however, is far more difficult, as these individuals are uniformly green and lack any obvious distinguishing characteristics.
Several methods have been employed to sex monomorphic species. For instance, behaviour of breeding birds has been used (Fox et al 1981) , although this is only possible during the breeding season and is not suitable for assigning sex to non-breeding birds (Coulson et al 1983) . Vent measurements are an alternative method, but again this technique is only suitable for a short period after the female has laid her eggs (Boersma & Davies 1987) . Laparotomy, in contrast, can be used to sex individuals throughout the year (Maron & Myers 1984) but is an intrusive and timeconsuming technique which may carry risks for the birds (Coulson et al 1983) . Sexing birds by haplotyping is less intrusive than laparotomy, as it requires only a sample of DNA, typically either from blood or a feather (de Mattos et al 1998 , Griffiths et al 1998 , Murata et al 1998 and a black bib that develops by their third year (Forshaw 1989 , Juniper & Parr 1998 . A number of suggestions have been made for differentiating adult birds from juveniles. For instance, it has been suggested that juveniles have yellowish fringes on their feathers (Cramp 1985) . They are also reported to have greyish-white irises; adult birds are reported to have yellowish irises (Forshaw 1989) . Finally, some juvenile flight feathers may be present until the third year (Cramp 1985) . However, none of these suggestions have been tested.
The population of Rose-ringed Parakeets in Britain has shown a large increase during the late 1990s and early 21 st century (Butler 2002) , and so it is likely that an increasing number will be ringed in the future. If it were possible to accurately age and sex Rose-ringed Parakeets, information on age structure and sex ratios of the population could be gathered and used to model population changes. Here, we present a method to age and sex Rose-ringed Parakeets, caught in England, using a discriminant function derived from biometrics combined with flight feather moult patterns.
METHODS
From 17 February 2001 to 29 May 2003, Rose-ringed Parakeets were caught with mist nets and measured at fourteen sites in southeast England (eleven in southwest London, two in southeast London, and one at the Isle of Thanet, Kent). Nearly all of these birds were trapped at feeders, although a few were ringed as chicks and a single bird was caught at the roost. Measurements were taken of flattened wing length, tail length, toe length (excluding the claw), bill length (tip to skull), number of fully yellow underwing coverts, and body mass. A stopped wing rule was used to measure wing length and tail length (to nearest 1 mm), while Vernier callipers were used to measure toe length and bill length (to nearest 0.1 mm). Birds were weighed on a Pesola spring balance (to nearest 1 g).
The head, upper wing and lower wing were photographed in an effort to determine if previously unnoticed plumage differences and/or eye colour might allow separation of the sexes. Finally, feathers were collected from 45 birds lacking rose-coloured neck rings (ie subadult males and females) and were subjected to haplotyping to determine the sex. This procedure was similar to that described elsewhere (de Mattos et al 1998 , Murata et al 1998 and was carried out by Simon Griffith of the University of Oxford. The biometrics from these individuals of known sex were then pooled with the measurements of adult males and a logistic regression function was derived.
Skins of birds of the Indian subspecies (P k manillensis and P k borealis) were examined from the collection at the Zoolical Museum at Tring. A total of 168 individuals were examined; 108 individuals of P k borealis, 52 individuals of P k manillensis, seven individuals of feral origin, and one of captive origin. Only two known females were included in the collection, while there were 106 confirmed males. Data on moult condition and date were recorded.
All statistical analyses were performed on SPSS 11.0 and results are presented as mean ± standard deviation.
RESULTS

Sexing
A total of 235 adult Rose-ringed Parakeets were ringed over the course of the study. C Butler took full biometrics (Forshaw 1989 , Cramp 1985 or means (95% CI) (Pithon 1998 Mean biometrics for confirmed males and females, as well as parakeets of unknown sex, are presented in Table  2 . Feral Rose-ringed Parakeets in Britain are believed to have derived from the two Indian subspecies (Morgan 1993 , Pithon & Dytham 2001 , although the measurements appeared more similar to those of P k borealis than P k manillensis (Tables 1 and 2 ). However, the bills of most of the individuals displayed a reddish upper mandible and a dark lower mandible -a description that more closely matches P k manillensis.
A total of 94 individuals were identified to sex (45 by haplotyping, 49 as adult males by the presence of a pink collar-ring). A binary logistic function was created to predict sex from wing length, tail length, mass, bill length, toe length and the number of completely yellow underwing coverts (n = 86; incomplete data were recorded on eight birds). Backwards deletion of the variables was undertaken in order to retain only those elements that were at least weakly significant (P < 0.1). This generated a significant binary logistic regression function (c 2 = 85.1, df = 3, Nagelkerke R 2 = 0.918, P < 0.001), which relies upon only wing length, bill length and the number of completely yellow underwing coverts (Eq 1). The function gives a positive value of x for males and a negative value for females. This logistic function was accurate in placing 96.6% of the sexes into their appropriate categories (n = 88; incomplete data were recorded for six of the birds). All elements of this function are at least weakly significant (Table 3) .
All known-sex birds with wing lengths greater than 174 mm were male, while all known-sex birds with wing lengths less than 169 mm were female (Table 2) . However, 44.3% of the parakeets captured had wing lengths that fell between 169 and 174 mm. All knownsex birds with bill lengths greater than 26.3 mm were male (Table 2 ) but only 23.9% of the birds captured had bill lengths greater than 26.3 mm. All known-sex birds with no yellow underwing coverts were male, while all known-sex birds with four or more yellow underwing coverts were female (Table 2) but 46.8% of the parakeets caught had one to three completely yellow underwing coverts.
Ageing
The suggestion that iris colour could be used to help age birds did not appear to be accurate for the Rose-ringed Parakeets in Britain, as adult males (ie those with a rosecoloured ring around their neck) showed irises that ranged from pale yellow, through pale grey, to dark grey. Likewise, the yellowish edging on primary feathers that supposedly indicates an immature bird can also be seen on the primary feathers of adult males.
The shape of the primaries, however, did change with age. Rose-ringed Parakeets that had recently fledged had primaries that were more pointed than those of adult birds (Figs 1 and 2) . Figure 3 shows a two-year-old male with broad primaries and the tips of the primaries of an adult male parakeet (eg three years old or older) are likewise very broad (Fig 4) . From these photographs, it is evident that it is possible to identify juvenile birds until they are approximately one year old based on the relative width of their primary tips. Separating a oneyear-old parakeet from a two-or three-year-old bird may not be possible after the juvenile feathers are replaced. Table 2 . A summary of the biometrics for Rose-ringed Parakeets ringed in southeast England during this study. Data are means ± standard deviation (range), with sample size.
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Moult
During the course of this study, 21 birds were captured in various stages of primary moult between 8 May and 17 July (Table 4) . Primary moult begins in feathers 5 or 6 (numbered ascendantly) and then spreads out in both directions. None of the 21 birds captured exhibited a suspended moult. An examination of the specimens at Tring revealed that primary moult varied between subspecies. P k borealis specimens from India were recorded moulting from 1 August until 24 September (n = 10) with a single bird in primary moult on 28 December. In contrast, P k manillensis specimens from India were recorded moulting from 3 May to 7 August (n = 10). A single bird was moulting in September (exact date unknown) and two birds were moulting on 6 December. Moult strategies of feral birds in Britain, therefore, appear more similar to P k manillensis than to P k borealis.
Male Rose-ringed Parakeets take three years to develop their rose-coloured neck ring (Cramp 1985) , but the time of year that they develop their adult plumage does not appear to have been documented. Our observations suggest that the characteristic male adult plumage develops between March and July in our population.
DISCUSSION
The number of Rose-ringed Parakeets ringed during this study (n = 245) is far greater than the 42 parakeets that had previously been ringed in Britain up until 2000 (Clark et al 2002) . The greatest numbers of parakeets were ringed around southwest London, as approximately 75% of the parakeets in Britain reside in this general area (Butler 2002) . Few chicks tend to be ringed because most parakeets nest in Green Woodpecker Picus viridis nest cavities, which are difficult to access.
While immature male and adult female Rose-ringed Parakeets are superficially similar, it is possible to separate the sexes using a binary logistic regression based on wing length, bill length, and the number of completely yellow greater underwing coverts. This formula (Eq 1) Note that she is growing primaries four and eight. Primaries five to seven are much broader at the tips than are primaries one to three, and are presumably freshly moulted. accurately identified 96.6% of all known-sex birds, but should still be treated with caution due to the relatively low number of known females in the sample.
The ageing criteria for Rose-ringed Parakeets in the hand can be summarised as follows: 1) birds with complete rose-coloured neck rings are adult males aged three years or older; 2) birds with narrow, pointed primaries are juvenile; and 3) birds showing a few bluishtinged feathers on the head and/or an incomplete neck ring during the period March to July are male birds that were probably born two years previously.
The discovery that juvenile Rose-ringed Parakeets have more pointed primaries than adults agrees with other studies on flight feather shape in parrots (eg Emison et al 1994) . Emison et al (1994) found that successive flight feather moults resulted in successively more rounded primaries. This may hold true for Rose-ringed Parakeets as well but, with the exception of juveniles, it is difficult to distinguish the relative degrees of the roundness of primaries of parakeets in the hand. Perhaps future work involving measuring the tips of the primaries might succeed in quantifying the feature.
In general, primary moult in parrots begins in the centre of the wing and then proceeds both towards the body and the wing tip (Juniper & Parr 1998) . Parrots undergo a complete annual moult, with adults typically engaging in a post-breeding moult (Juniper & Parr 1998) . Juvenile birds typically replace their feathers before they are one year old (Juniper & Parr 1998) . Although it has been reported that some Rose-ringed Parakeets may retain juvenile flight feathers into their third year (Cramp 1985) , we did not see any evidence of juvenile flight feathers in adult birds, nor in birds known to be more than a year old. Rose-ringed Parakeets undergoing wing moult in May and early June are unlikely to be breeding birds, as adult birds engage in post-breeding moult (Juniper &Parr 1998 , Pithon &Dytham 2001 . Cramp (1985) states that moult may continue through November in European birds. Although no primary moult was observed in this study after July, moulting birds from the same region were caught in August and September by the Runnymede Ringing Group (D Ross, pers comm).
According to Cramp (1985) , primary moult takes more than one year, and is suspended at the end of the season. At the beginning of the next moulting season, the moult continues from the point where it left off. Once the remaining old feathers have been moulted, the moult begins again from primary six. However, none of the 21 birds that we captured while moulting exhibited a suspended moult (ie none of the birds early in the moulting season were moulting any feathers other than primaries five or six).
The timing of primary moult of Rose-ringed Parakeets in Britain appears to be more similar to that of P k manillensis than P k borealis. Moult in P k manillensis was recorded in May, in presumably non-breeding individuals, and again in July in birds which were presumably postbreeding. The lack of moulting birds recorded in Britain during August may be due simply to the low number of moulting birds captured. Table 4 . Moult scores for primaries of 21 birds that were moulting when captured. Feathers are scored from 0 (old feather) to 5 (new, fully grown feather) following Ginn & Melville (1983) and primaries are numbered ascendantly. 
